ABSTRACT: The suitability of using turmeric powder in natural soaps was assessed by evaluating its stability and antioxidant activity in models and actual soaps. Proper storage conditions should be considered prior to use because 63% of curcumin was lost after 3 months of storage at room temperature. Among physical properties influencing soaps, pH exerts the most detrimental effect on curcumin stability. Only 8% of curcumin remained 7 days after its addition into liquid soap of pH 9.32, whereas it was degraded completely after 21 days of the soap-bar curing process, in which pHs varied from 13 to 10. Vanillin was detected as a major by-product of degradation and might make curcumin still valuable as an antioxidant in soaps. However, the antioxidant activities of turmeric extracts treated in the model system for soaps indicated that the contribution of vanillin to antioxidant activity was not significant since its occurrence in µg was too low compared to the loss of mg of curcumin. In vitro assessment of the antioxidant activity of turmeric powder when extracted from a buffer of pH 10.6 confirmed that there was no vanillin contribution in the 2,2-diphenyl-1-picrylhydrazyl (DPPH · ) radical-scavenging activity, since the IC50 increased as a function of the decreased residual curcumin content, despite the occurrence of vanillin. In the ferric ion reducing antioxidant power (FRAP) assay, vanillin contributed slightly to the ferricreducing ability, since increasing EC1 was slowed down by gradually increased vanillin in the turmeric extract. The curcumin degradation demonstrated clearly in this study indicates that turmeric powder is not a suitable antioxidant additive and/or skin lightening agent in soap due to its physico-chemical properties.
INTRODUCTION
Scientific evidence relating to health hazards from the continuous use of synthetic chemicals has initiated considerable research activity towards discovery of alternative natural products in every industrial sector. In response to this movement, cosmetic companies have created new lines of so-called 'natural cosmetics' by increasing their use of natural materials as the main components or as additives. For instance, the main ingredients of liquid-and bar-soaps, petroleum-based detergents, are replaced by alkali salts of fatty acid derived from vegetable fat and oil. Synthetic antioxidants or preservatives, such as butylated hydroxytoluene (BHT) or parabens, are replaced by various plant phenolics or essential oils 1, 2 . In consideration of addition of synthetic colourants, the yellow colour provided by Tartrazine can be replaced by several natural colour pigments, such as curcumin, lutein, and carotenoid, which are extracted and purified from turmerics, marigold flowers, and the fruits of oil palms [3] [4] [5] . Recently, natural soap bars and liquids become very popular in Southeast East Asian countries due to the abundance of vegetable oils, especially coconut oil and palm oil, which are used as the main raw material using simple and cheap saponification methods. Local spices are also added to the soap formula to provide skin-care properties. Among those local spices, the powdered dry rhizome of Curcuma longa, commonly called turmeric, is one of the most widely used in natural soap bars and liquids. The dried powder of the turmeric contains 3-5% of curcumin which provides highly anti-oxidative, anti-inflammatory, and anti-carcinogenic properties [6] [7] [8] . Hence the use of turmeric in cosmetics and skin-care products helps to slow naturally the appearance of ageing, protect the skin against UV-radiation 9 and acts as a natural healing agent for such skin conditions as eczema, acne, dry skin 10 , and psoriasis 11 . From the formulator's point of view, the use of turmeric is very interesting for the creation of self-preserving soaps. Not only does it provide the beautiful dark orange colour for the soap, but it also protects fats and oils, the main components of natural soaps, from oxidative deterioration triggered by several factors such as oxygen concentration, light, and heat. Moreover, their antimicrobial activity may help to protect soaps from microbial contamination. Despite all of the benefits, questions have been raised concerning the suitability of turmeric for use in natural soaps. Basic research on the stability of curcumin in aqueous system suggests that turmeric may be not suitable for use as a natural antioxidant in soaps since it degrades rapidly at above a neutral pH of 9 12 . Based on this information, it is foreseen that the degradation of turmeric in soap products could potentially be even more serious, since the pH of soaps is basic according to their formulation. At present, there has been no research concerning the stability of curcumin in soap products. This systematic study provides much needed information about the application of turmeric, which may enhance its use and facilitate the development of appropriate cosmetic formulations.
The research assessed whether additive antioxidants still remained as effective as proposed after its initial incorporation into soap products. The stability in the cosmetic model system for two types of products, including bar and liquid soap, and the antioxidant capacities of turmeric powder and its degraded byproducts within the model system, were evaluated.
MATERIALS AND METHODS

Materials
Curcuminoids (94%), vanillin (99%), and 6 -hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox) were purchased from Sigma-Aldrich (Germany) and used as received. A pure curcumin standard was a generous gift from Assoc. Prof. Promjit Saralamp, Department of Pharmaceutical Botany, Faculty of Pharmacy, Mahidol University, Bangkok.
Collection, extraction and characterization of turmerics
Turmerics (aged 5 months) were collected in August 2005 in Pattalung Province, Thailand. The turmeric powder was prepared according to the method of Manzan et al 13 and kept in a zip-locked bag at −20°C until used.
Curcuminoid extraction was performed using the modified method of Manzan et al 13 . The typical procedure consisted of mixing 4 g of turmeric powder with 50 ml of petroleum ether in a screw-capped flask and stirring at 40°C for 6 h to remove turmeric essential oils in the supernatant. The solid obtained was then subjected to extraction using 40 ml of absolute ethanol at 60°C for 1 h. The supernatant was collected and the absolute ethanol was distilled off under a vacuum, yielding a viscous brown solid named as 'turmeric extract'. Each extraction was done in triplicate. Then, the curcuminoid content of the turmeric extracts was determined as described in ISO 5566-1982 (E). The curcuminoid content of turmeric powder was 29.7 ± 1.4 (% w/w), while the curcuminoid recovery was determined experimentally to be 98 ± 23%.
Quantification of curcumin and vanillin
The contents of curcumin in the turmeric extract were determined by high performance liquid chromatography (HPLC, Agilent 1100, Hewlett Packard, Germany) equipped with a photo-diode array detector (2487 model, Water Co., USA) and interfaced with EMPOWER PRO software. The separation was performed on a C 18 Synergi Fusion RP-80A column (5 µm, 4.6 × 250 mm), with the temperature of the column oven set at 48°C. The elution was carried out with a gradient solvent system by dual pumping. The mobile phase was composed of solvent A (acetonitrile) and solvent B (water:acetic acid, 99.75:0.25 v/v) and a flow rate of 1.0 ml/min was used. The curcumin contents were determined using the above solvents programmed linearly from 55% solvent B in acetonitrile for 0-10 min, then solvent B in acetonitrile was decreased from 55% to 40% for 10-12 min. The gradient then went from 40% to 55% solvent B in acetonitrile for 12-15 min. Curcumin was detected at 425 nm and the retention of curcumin was about 10 min. The curcumins were quantified using HP CHEMSTATION software. The curcumin content, expressed as milligram of curcumin per one gram of turmeric powder (mg/g), was calculated based on the calibration curve of a curcumin standard. The experiments were done in triplicate.
The same HPLC was used to determine the vanillin content. The detection was performed at 280 nm, with the injection volume at 30 µl. The elution was carried out with isocratic solvent systems with a flow rate of 1 ml/min. The profile of the isocratic elution was: 12% tetrahydrofuran, 5% acetonitrile and 2% acetic acid in water, adjusted to pH 3.0 or 4.0 with concentrated KOH solution 14 . Vanillin content, expressed as milligram of vanillin per one gram of turmeric powder (mg/g) was calculated on the basis of linear calibration of a vanillin standard. The quantification was done in triplicate.
SOAP PREPARATION
Bar soap
The oil phase, composed of coconut oil (12.80 g) and palm oil (54.52 g), was added into the recipient www.scienceasia.org and stirred at 250 rpm (IKA, Staufen, Germany) at room temperature and then, 51.2 ml of 20% NaOH solution was added. The soap mixture was stirred for approximately 30 min until the soap trace was formed and then 3% of turmeric powder was added. Once the turmeric powder was well mixed in, the soap base was quickly poured into moulds, covered with a plastic sheet, and left for 12 h at room temperature. After that, the soap was taken out of the moulds and dried in the open air for 7 days. At this time, the soap was considered ready for use. The control bar soap was made using the same procedure described above, without addition of turmeric powder.
The parameters of the soap and soap making process that might affect the curcumin stability were determined based on the BS 1715 International standard 15 . These parameters are moisture content, temperature, pH, and percentage of free caustic alkali.
Liquid soap
The steps in the liquid soap production were to make a soap gel that was subsequently dissolved in deionized water to form a liquid soap. The soap gel was prepared by mixing 100 g of coconut with 83 ml of 30% KOH solution. The mixture was stirred at room temperature until an opaque soap paste was obtained. The soap paste was then placed in an oven at 60°C for 12 h, with air circulation, to yield a transparent soap gel. Finally, 50 mg of soap gel was mixed with 50 ml of deionized water and 330 mg of turmeric powders to make the turmeric liquid soap. The moisture content, temperature, pH, and percentage of free caustic alkali were determined using the same standard methods as for the bar soap 15 .
STUDY OF CURCUMIN STABILITY Under storage
Turmeric powders of known curcumin content were kept in tightly closed dark bottles at room (26-28°C) and refrigerated (about 4°C) temperatures. Sampling was performed each month for 6 months to determine the curcumin content by HPLC. The stabilities of curcumin under those storage conditions were evaluated by plotting the residual curcumin content against time.
In model system for soaps
The curcumin stability was assessed in a 0.01 M phosphate buffer with the pHs of 9.3, 10.6, and 13.0 16 . For each pH, three centrifuge tubes containing 40 mg of turmeric powder and 10 ml of 0.01 M phosphate buffer were stirred at room temperature for 0, 20, 40, and 60 min. After the specific time of incubation, the tube was sampled. The pH of the mixture was adjusted to 2.8 with 6 M HCl solution and lyophilized for 48 h. The lyophilized powder was extracted and the content of curcumin for each sample was measured as described earlier.
In the case of turmeric powder incubated in a 0.01 M phosphate buffer of pH 10.6, the content of vanillin was also quantified.
In bar soap
The back-extraction of curcumins from bar/liquid turmeric soap was performed using a surfactant precipitation technique followed by solid-phase extraction 17 . The essential oil of turmeric bar soap (330 mg) was extracted by 50 ml of petroleum ether as described in 2.2. Then the solid obtained was dispersed in 40 ml of ethanol and stirred vigorously at 60°C for 1 h. The supernatant was retained. Acetonitrile (120 ml) was then added and mixed in thoroughly to precipitate the surfactant phase. The sediment was filtered through a Whatman No. 1 filter paper, the supernatant retained and the solvent distilled off at 50°C using a rotary evaporator. The extract obtained was dissolved with 5 ml of absolute ethanol for HPLC analysis. The curcumin and vanillin contents were determined as described.
In liquid soap
The stability of curcumin in liquid soap was evaluated using the same procedure as described earlier for bar soap, except that only the curcumin content was determined.
Assay for antioxidant capacity
The turmeric extracts isolated from turmeric powders after incubated in phosphate buffer of pH 10.6 at room temperature for 0, 14, 28, 35, and 42 days were assayed for their DPPH radical scavenging activity and ferric ion reducing antioxidant power (FRAP).
DPPH
· free radical scavenging activity assay
The DPPH · free radical scavenging activities of extracts were assayed according to the modified method of Mathew and Abreham 18 . The diminution of absorbance at 517 nm, resulting from the reaction between 2.45 ml of 0.1 mM DPPH methanolic solution and 50 µl of extracts at various concentrations (mg/ml of the turmeric extracts in methanol) was followed for 30 min by a spectrophotometer (Spectronic 20 Genesgs) using methanol as a blank. 
The obtained (DPPH · ) r was plotted against the corresponding turmeric extract concentration to obtain the amount of antioxidant necessary to decrease the initial concentration of DPPH · to 50% (IC 50 ). A lower value of IC 50 indicated greater antioxidant capacity. The IC 50 of the reference antioxidant, Trolox, was assayed using the same method.
FRAP assay
The ferric salt, Fe(III)(TPTZ) 2 Cl 3 (TPTZ = 2,4,6-tripyridyl-s-triazine) in FRAP reagent is used as an oxidant. The variation in FRAP of extracts was assayed using the modified method of Benzie and Strain 19 . The FRAP reagent was freshly prepared by mixing 2.5 ml of a 10 mM TPTZ solution in 40 mM HCl plus 2.5 ml of 20 mM FeCl 3 and 25 ml of 0.3 M acetate buffer, pH 3.6. Briefly, 900 µl of FRAP reagent warmed at 37°C was mixed with 90 µl of distilled water and 30 µl of turmeric extract. The volume was adjusted to a final value of 1020 µl with distilled water. The final dilution of the test sample in the reaction mixture was 1/34. Readings at the absorption maximum of 595 nm were taken every 15 s using a V-530(PC) spectrophotometer (JASCO, Inc., Maryland) equipped with a thermostatized autocell-holder. The FRAP reagent was used as blank. Temperature was maintained at 37°C and the reaction was monitored for up to 30 min. The concentrations of turmeric extract (in 30 µl) were varied and plotted against absorbance values. The concentration of Fe(II) was determined from calibration curve of FeSO 4 standard.
Aqueous solutions of known Fe(II) concentrations in the range of 300-1200 µM (FeSO 4 ) were used for calibration. The regression equation determined from such calibration curve was:
where x refers to the concentration of standard FeSO 4 · 7 H 2 O in µM. Then, the parameter 'equivalent concentration 1' or EC 1 , defined as the concentration of antioxidant having a ferric-TPTZ reducing ability equivalent to that of 1 mM FeSO 4 determined from (1), was 0.6694. The EC 1 of turmeric extracts were determined by plotting their absorbance at 30 min against concentration. The concentration of the turmeric extracts having the absorbance at 30 min equal to 0.6694 was the EC 1 . The EC 1 of the reference antioxidant, Trolox, was assayed using the same method.
Statistical analysis
Statistical analysis was carried out using SPSS version 11.5 (SPSS Inc. Chicago, IL, USA). The data were analysed by one-way ANOVA and by the Tukey test. A p-value < 0.05 were considered to be significant. All data are presented as mean ± SD.
RESULTS AND DISCUSSION
Properties of turmeric
Turmeric planted in the southern part of Thailand was chosen in this study because it usually provides extracts with a higher percentage of curcumin compared to other areas. The curcuminoid content of Thai turmeric varies from 4.7-22.6%, depending on age, geographical distribution, and harvest season 20 , but only a curcuminoid content greater than 5% (w/w) meets Thai herbal medicinal standards. The spectrometric analysis showed a value for the curcuminoid content of turmeric in this study of 29.7 ± 1.4% (w/w), which is consistent with the general information and the geographical distribution mentioned above. Three curcuminoid constituents in turmeric extract were characterized by HPLC, curcumin the main component (57.56 ± 0.25%) followed by mono-demethoxycurcumin (21.47 ± 0.19%) and bis-demethoxycurcumin (20.97 ± 0.07%).
Properties of bar and liquid soap
The properties of bar and liquid soap that are susceptible to effect on the stability of curcumin were determined and summarized in Table 1 . For bar soap, both the properties at trace (when the turmeric powder was added) and at complete saponification (ready to use) were measured.
According to these results, the model system that represented the bar and liquid soap properties should have a pH variance of 9.3-13, ambient temperature of 27-30°C and moisture content of 11% to 53%. The free percentage of caustic alkali was not taken into Data are represented as mean ± SD (n = 3). Means followed by different letters within a column for each test group are significantly different at p < 0.05. account in the model system since its influence was considered to be the same as pH.
STABILITY OF CURCUMIN Under storage
The efficiency of turmeric depends on the content and molecular activity of its curcuminoid constituents which can be altered by many factors such as storage, processing conditions and the physico-chemical properties of end-used products, so it is necessary to study the effect of those factors. This study focused on only the modification of curcumin contents, since it was reported to be the least stable component that degraded even in the solid form at ambient temperature, when the others were quite stable 21 . The content of curcumin in turmeric powder stored over 6 months at room and refrigerated temperatures was assessed (Table 2) .
A significant effect of temperature was observed after 1 month of storage. It was found that the decomposition rate at room temperatures was faster than at the refrigerated temperatures. The initial content of curcumin (52.5 ± 5.1 mg/g) decreased rapidly to 31.3 ± 1.9 mg/g at room temperature, a percentage loss of 40%, while only 25% of loss was observed at the refrigerated temperature. No significant effect of storage temperature on curcumin content was observed until 6 months, with the retention only of about 20 mg/g, or an approximate loss of 60% of the curcumin. The curcumin loss during storage seems to be common to other natural colourants. To retard the loss during this study, the turmeric powders were kept at −20°C and the curcumin content was measured prior to performing each experiment.
In model system for soaps
The studies on curcumin stability were first carried out in the model system to avoid the complications caused by the back-extraction of low amounts of curcumin from the large amounts of fatty acid salts. After that, the stability studies were investigated in real bar and liquid soaps.
Among the properties of soap reported in Table 1 , pH seemed to be the most influential factor on curcumin stability due to the presence of phenolic moiety in its molecule 22 . Hence the model system for curcumin stability studies was designed to use a 0.01 M phosphate buffer with pHs of 9.3, 10.6, and 13, to simulate diverse neutral and basic conditions found in bar and liquid soaps. The curcumin contents of turmeric powder in those models were measured at 60 min intervals (Fig. 1) .
The rate of curcumin loss was highest at pH 9.3 and 13, while curcumin tended to be most stable at pH 10.6 as expected, and the results were consistent with earlier reports published in the literature [22] [23] [24] . The decomposition of curcumin is pH-dependent and occurs faster under neutral-basic conditions. The fluorescence intensities of curcumin and curcuminoids which are related in their molecular structures, decreased as the solvent varied from neutral to highly acidic (lower than pH 1.5) or basic (higher than pH 8.0) conditions. The intensities also decreased as the concentration of water increased 25 . It is important to note the loss of curcumin at pHs 9.3 and 13, which was about 33% within 1 h. These Data are presented as mean ± SD (n = 3). Means followed by different letters within a column for each test group are significantly different at p < 0.05; Tukey test.
are the pHs at which the turmeric powders were added to liquid and bar soaps, respectively. The stability of curcumin at pH 10.6 and the pH of bar soap at complete saponification might be not beneficial, since turmeric powder was added at soap trace (pH 13), approximately 7 days before complete saponification (pH 10.6). In the light of this, the application of turmeric powder as a spice in natural soaps might not be appropriate.
In bar and liquid soaps
The validity of the surfactant precipitation method applied for the extraction of residual curcumin from bar and liquid soaps was verified by the recovery study. A known amount of standard curcumin was spiked into the control bar/liquid soaps followed by immediate back-extraction. The recovery percentages were 95 ± 5% and 69 ± 12% for bar soap and liquid soap, respectively. The recovery of curcumin from bar soap showed satisfactory recoveries with 5% error, while it was slightly lower for liquid soap. Despite this, the method was still considered acceptable for the liquid soap due to the low percentage error of about 11%. When the 3% of turmeric powder was added into bar and liquid soap, the quantity of curcumin in turmeric bar soap after 21 days, and in turmeric liquid soap, after 1, 3, and 7 days of mixing, were determined ( Table 3) . The residual contents of curcumin after addition to liquid soap at 1, 3, and 7 days were statistically different from the addition at 21 days in bar soap. As expected, curcumin was completely degraded in bar soaps and curcumin retention in liquid soap was only 8.1%. The environment of low moisture content in the bar soap seemed not to favour the stability of curcumin. The stability studies of curcumin in both the model system for soaps and the soap products proved the unsuitability of turmeric use in soap, since the turmeric powder lost its curcumin, in the other words its ability to act as an antioxidant. General information concerning the stability of curcumin seems to suggest that turmeric was more appropriate to cosmetic products with a slightly acidic pH 25, 26 .
Characterization and determination of curcumin-degraded products in bar soaps
It was reported earlier that the degradation of curcumin at pHs above neutral provides high-value-added products among which is vanillin 25, [27] [28] [29] . If this is correct, the degradation of curcumin could be beneficial, since vanillin provides not only a pleasant flavournote to products, but also displays antioxidant and antimicrobial properties, as when used as a constituent in cosmetic and drug preparations 14, [28] [29] [30] . The occurrence of vanillin was investigated in liquid soap 7 days after adding turmeric powder. The identification of vanillin was confirmed using standard vanillin spiked into the turmeric extract. The HPLC chromatograms are shown in Fig. 2 .
As shown in Fig. 2 , vanillin was found to be a major constituent in the extracts from soap products. Other degradation products, such as ferulic acid and vanillic acid, were not found in this study. It might be explained by the reduction of ferulic acid to vanillin 31 or the inability of our method to extract acidic compounds from soap at basic pH. These data give insights into the effectiveness of turmeric for further use as an antioxidant in soap. Despite its degradation, the occurrence of vanillin as a result thereof curcumin still a valuable spice in soaps. With regard to applications, it is necessary to estimate the residual content of curcumin and its new vanillin form, and their contribution to the antioxidant capacity of the decomposed turmeric sample.
The content of natural vanillin in turmeric powder was determined as 28.2 µg/g prior to the incubation of such powder in a 0.01 M phosphate buffer at pH 10.6 for 42 days. The progress curves relating the percentage of resting curcumin and newly formed vanillin to time of incubation are shown in Fig. 3 .
The initial amount of curcumin (54.0 mg/g) decreased to 36. 4, 30.6, 30.0 25 . These researchers demonstrated that when the incubation time of curcumin in a buffer solution at 37°C increased, vanillin would become the major degradation product. The degradation rate of curcumin appeared to relate to the formation of new vanillin. As observed at 35 days of incubation, the abrupt increase of vanillin content halted the degradation of curcumin. However, at this stage, it is difficult to explain the exact mechanism of curcumin protection by vanillin, because the mechanism of curcumin degradation is not known to date. It is possible that vanillin plays a role as a synergist compound of curcumin, by its capacity to reduce the curcumin radical into its parent compounds. Vanillin is a powerful scavenger of 1,1-diphenyl-2-picryl hydrozyl, superoxide, and hydroxyl radicals while curcumin is a potent scavenger of the peroxy radical 32 . The extract of turmeric is thus a mixture of two antioxidants with different radicalscavenging activity. It would be of interest to examine the potency of the vanillin and curcumin mixture as a scavenger of free radicals.
Assay for antioxidant capacity
The evaluation of antioxidant capacity of the crude extract is a complex topic and more than one in vitro method must be used to validate results. Hence both the DPPH · free radical scavenging activity and FRAP assays were used to evaluate the antioxidant activities of turmeric extracts in this study. Moreover, the validation of experimental set up was performed by determining the IC 50 and EC 1 of standard antioxidant, Trolox, under the same conditions. The experimental value of IC 50 (4.7 ± 0.5 µg/ml) and EC 1 (0.10 ± 0.01 mg/ml) of Trolox determined in this study were consistent with the IC 50 of 5.13 µg/ml and EC 1 of 0.12 mg/ml reported in literature 33, 34 . The methods for antioxidant activity assays in this study were thus valid. To assess IC 50 and EC 1 of turmeric extracts, the sum of curcumin and vanillin content (TTC) from the turmeric powders after different incubation periods were correlated with the antioxidant capacity IC 50 and EC 1 (Fig. 4) . It should be recalled that a lower IC 50 and EC 1 indicated greater radical scavenging activity and reduction activity, respectively.
Analysis of Fig. 4 revealed an interesting decrease in TTC as a function of incubation time, despite the rapid occurrence of vanillin after 28 days of incubation. The amount of newly formed vanillin (in µg) was too low to cause a significant change in the trend of curcumin loss (in mg). By 35 days of incubation, the decrease of TTC was accompanied by a gradual increase of IC 50 , indicating the reduction of free radical scavenging activity in the incubated turmeric extract. The rapid increase of IC 50 after 35 days of incubation might be taken as evidence that there was no contribution of vanillin to the DPPH · free radical scavenging activity assay, since in this period the occurrence rate of vanillin was quite high. In the FRAP assay, EC 1 of Trolox (0.032 mg/ml) was 20 times more active than the non treated turmeric sample (0.635 mg/ml). The detrimental effect of a buffer of pH 10.6 on EC 1 was significant, since EC 1 was increased gradually to 0.870 mg/ml and 1.679 mg/ml of turmeric after 14 days and 28 days of incubation, respectively. After that, a surprising decrease of EC 1 , in other words an increase of reduction ability of about 2 times, was observed after prolonging incubation for another 35 days (0.898 mg/ml). This might be correlated to the content of newly formed vanillin which was high at this time (Fig. 3) and supported contributions of vanillin to enhancement of antioxidant activity in decomposed turmeric powder. The difference in IC 50 and EC 1 as a function of newly formed vanillin may be attributed to a difference in radical scavenging activity of vanillin from curcumin 32 . In summary, our study indicates that turmeric use in natural soap as an antioxidant additive is unsuitable due to its physico-chemical properties. Although vanillin, a by-product of curcumin degradation, seemed to contribute slightly to antioxidant activity, this increase of antioxidant activity or radical scavenging activity by the newly formed vanillin was not significant compared to the decrease caused by the degradation of curcumin. If the application of turmeric in soap is needed, the proper protection of curcuminoids by encapsulation should be considered.
